Objective: To determine the prevalence of pulmonary arterial hypertension in asymptomatic patients with 2 types of extensive slow-flow vascular malformations: extensive venous malformations or Klippel-Trénaunay syndrome (KTS).
Conclusions:
The presence of pulmonary arterial hypertension in patients with extensive slow-flow vascular malformations is not an isolated feature but is relatively frequent. Levels of D-dimer correlate with PASP in these patients Arch Dermatol. 2010;146 (12) : [1347] [1348] [1349] [1350] [1351] [1352] S LOW-FLOW VASCULAR MALFORmations are divided into venous, lymphatic, and combined malformations such as Klippel-Trénaunay syndrome (KTS). Venous malformations are ectatic vessels that are morphologically and histologically similar to veins but deficient in smooth muscle. 1 Klippel-Trénaunay syndrome is characterized by venous, lymphatic, and capillary malformations (portwine stain); skeletal hypertrophy; and increased soft tissue in 1 or more limbs. 2 Coagulation disorders, which have been reported in patients with venous malformations and KTS, 3, 4 can produce hemorrhage and thrombosis. The magnitude of the coagulopathy correlates with the severity of the malformation 5 and is a localized intravascular coagulation (LIC), which differs from the diffuse intravascular coagulation of Kasabach-Merritt syndrome. LIC consists of a local consumption of coagulation factors inside the malformation due to venous stasis, resulting in the formation of multiple phleboliths. Elevated D-dimer levels are highly specific for venous malformations (or the venous component in combined malformations). 6, 7 The main complication of KTS is thrombophlebitis, which occurs in 20% to 45% of patients 8 and leads to pulmonary embolism in 4% to 25% of cases. 9 Thromboembolic events can cause chronic thromboembolic pulmonary hypertension (CTEPH), which has also been described as a complication of pure venous malformations, probably due to thromboembolic events. 10 CTEPH is a type of pulmonary arterial hypertension (PAH). There are some reports of PAH in patients with vascular malformations who had symp-toms such as dyspnea [10] [11] [12] [13] [14] [15] This study examines the prevalence of PAH in asymptomatic patients with slow-flow vascular malformations.
METHODS
Sample patients had extensive slow-flow vascular malformations (venous or combined malformations such as KTS) and did not have cardiovascular risk factors, including variables that could be related to PAH, or a history of symptomatic pulmonary embolism. All patients were asymptomatic, without any signs or symptoms of heart failure. A vascular malformation was considered to be extensive if it involved at least 15% of the patient's body surface area (equivalent to Ն1 complete lower extremity) (Figure 1 ). All venous lesions had infiltrated the muscular plane and involved the skin and subcutaneous cell tissue. 16 A patient was diagnosed as having KTS when softtissue and/or bony hypertrophy, port-wine stain, and venous varicosities were all present. The exclusion criteria were small or intermediate slow-flow malformations, high-flow malformations, or the presence of cardiovascular disease.
The diagnosis was made by clinical examination and confirmed by Doppler ultrasonography when necessary Thirtytwo healthy controls, relatives and friends of the authors, with no vascular disorder of any kind and without cardiovascular risk factors, were also included. They were matched by age and sex with the patients, and they were tested in the same period as the patients. The study was approved by the ethics committee of the University Clinic of Navarra (Pamplona, Spain), and written informed consent was obtained from all participants.
PROCEDURES
Patients underwent a standard 12-lead electrocardiogram (ECG) and transthoracic Doppler echocardiography (TTDE). The sensitivity of TTDE to establish the presence of PAH is 79% to 100%, and the specificity is 60% to 98%. 17 Pulmonary arterial systolic pressure (PASP) (determined by the velocity of tricuspid regurgitation by continuous wave Doppler in the echocardiogram) was measured. We considered PASP values of 50 mm Hg or higher to be pathological. Values of 37 to 50 mm Hg were considered borderline, and values equal to or lower than 36 mm Hg were considered normal. 18, 19 Venous samples were drawn from the cubital vein the same day as the echocardiography study. Plasma was removed and stored at −80°C until analysis. To determine vWF levels, we used STA LIATEST vWF reagent (Diagnostica Stago/Roche, Asnières, France) and the STA Compact analyzer (Stago/ Roche). To determine levels of fibrinogen, we used Multifibern U (Siemens Healthcare diagnostics products, Marburg, Germany) and the BCS XP Siemens system. We measured the levels of D-dimer, using D-dimer PLUS (Dade Behring Marburg GmbH, Marburg, Germany) and the BCS XP Siemens system.
STATISTICAL ANALYSIS
All results were analyzed using SPSS statistical software (version 15.0; SPSS Inc, Chicago, Illinois). In all cases, we considered 2-sided P Ͻ.05 to be statistically significant. Continuous variables were compared using t test or with Mann-Whitney test (when nonparametric tests were necessary). Correlations between continuous variables were examined using Spearman rank correlation. To determine if there were differences in Ddimer values among groups of patients with normal, borderline, and pathological PASP, we used the Kruskal-Wallis test and then made post hoc paired comparisons using Bonferronicorrected Mann-Whitney tests.
RESULTS

SAMPLE CHARACTERISTICS
Sixty-three consecutive patients with slow-flow vascular malformations referred to our multidisciplinary center for (Figure 3 ). There were no differences in other echocardiographic measures. No differences were found in the mean PASP values between the KTS and venous malformation groups (42.50 [8.67 ] mm Hg in patients with KTS vs 41.71 [8.54] in patients with venous malformations; P = .80).
There were 2 patients diagnosed as having KTS with hemicorporal affectation and another with involvement of both lower extremities. When we compared the PASP values of these 3 patients with those of the rest of the patients, we observed statistically significant differences (the mean [SD] PASP values in patients with very extensive malformations were 52.67 [8. 08] vs 41.07 [7.87] in the rest of the patients; P = .02).
All children younger than 15 years with KTS (n=4) and 4 of the 5 children with venous malformations had borderline or pathologic PASP. D-dimer level was determined in 24 of the patients and in 29 of the healthy controls, levels of fibrinogen in 27 of the patients and in 29 of the healthy controls, and levels of vWF in 27 of the patients and in 29 of the healthy controls. There was a marked difference of D-dimer levels between groups; PϽ.001) ( Table 1) . When subgroups according to PASP levels were analyzed, the mean D-dimer value in the group with normal PASP levels was 287.92 (641.92) ng/mL (n=39; 30 controls and 9 cases); in the borderline group, 985.04 (1660.58) ng/mL (n=18; 2 controls and 16 cases); and in the group with pathological PASP level, 978.98 (614.99) ng/mL (n=7, all cases) (Figure 4 ). There were differences between the group with normal PASP levels and the group with pathological PASP levels (P =.001) and also between the group with normal PASP levels and the group with borderline PASP levels (P = .005). Over- 
COMMENT
This study shows statistically significant differences in the values of PASP in patients with extensive venous malformations and also in patients with KTS compared with the respective healthy control populations. It has previously been suggested that recurrent or unresolved pulmonary embolisms from the vascular malformation due to hypercoagulability can lead to the development of CTEPH in patients with KTS and pure extensive venous malformations. 10, 11 CTEPH results from incomplete resolution of the vascular obstruction caused by pulmonary embolism. Pulmonary hemodynamic progression is thought to be the consequence of the development of a secondary arteriopathy in nonobstructed precapillary pulmonary vessels. Pulmonary small vascular malformations are thought to play an important role in other pulmonary vascular disorders such as veno-occlusive disease and pulmonary capillary hemangiomatosis. It was not confirmed in these patients if the cause of the high values of PASP observed was due to CTEPH.
Coagulation disorders (LIC) have been reported in patients with venous malformations of the limbs and trunk, 4, 5, 20 mainly with elevations in D-dimer levels. Ddimer, a split product of fibrin degradation by plasmin, has been used as a marker for various diseases. 21, 22 LIC is frequently associated with venous malformations, and large surface area and muscle involvement are strong predictable criteria for higher levels of D-dimers. 6 This could explain why the patients included in this study with large and deep venous malformations have higher levels of Ddimers than patients with KTS. It has been reported that in patients with idiopathic PAH, mean D-dimer levels were significantly higher than in the matched control group. 23 There is also evidence to suggest that D-dimer levels in patients with idiopathic PAH are associated with disease severity and prognosis. 24 Elevated levels of Ddimer have also been found in secondary PAH. 25 To our knowledge, we show for the first time that levels of Ddimer in plasma are highly correlated with PASP values in patients with slow-flow vascular malformations.
This study also detected a moderately positive correlation between PASP and vWF, which to our knowledge has not been previously described in patients with vascular malformations. Von Willebrand factor is a large multimeric glycoprotein present in blood plasma and is produced constitutively in the endothelium. It is a marker of endothelium dysfunction. In pathological conditions, endothelial cell stimulation is followed by rapid release of vWF from Weibel-Palade bodies and plasma vWF levels increase. 26, 27 If endothelial cell function is restored, vWF: Ag levels return to normal. Von Willebrand factor independently predicts long-term survival in patients with PAH. 28 Also, in secondary pulmonary hypertension, it has been demonstrated that levels of vWF are higher in patients than in controls. 25 Although the common pathogenic mechanisms of PAH are not known, pulmonary vascular changes of distinctive causes lead to endothelial dysfunction and activation of a cascade of different regulatory systems (coagulatory, inflammatory, and proliferative), resulting in an imbalance in vasoconstriction and smooth muscle cell proliferation, the main culprit of pulmonary hypertension. 29 Although, traditionally, pulmonary thromboembolism has been considered only in patients with KTS, isolated cases of pulmonary arterial hypertension due to chronic thromboembolism in patients with pure venous malformations have previously been reported. 10 To date, venous malformations have not been considered to be a risk for pulmonary embolism because they are more separated from the venous circulation than KTS. However, "varicose-like" forms of venous malformations may have a closer relationship with the venous system. All patients included in the study had KTS or extensive slowflow vascular malformations. Patients with small or intermediate malformations were not included. Severe LIC is associated with large lesions that often affect an extremity. Just as there is an association between the size and the extent of a venous malformation and D-dimer levels, 6 a similar connection could exist regarding the potential risk of PAH in patients with venous malformations, in that the larger the malformations, the greater the risk.
PAH is a serious process that leads to right ventricular insufficiency and can cause death. Most patients are diagnosed in advanced phases when they already have symptoms. Based on these results, an echocardiogram should be performed in all patients diagnosed as having an extensive slow-flow vascular malformation, although such a measure may not be necessary in those with medium or small malformations ( Figure 5) . Altered PASP values may exist in children with extensive slow-flow vascular malformations; therefore, there is no justification for waiting until the patient is an adult to perform an echocardiogram. Furthermore, the echocardiogram is a painless and innocuous test and can be easily performed in children. More extensive studies are needed to confirm the high prevalence of PAH in asymptomatic patients with slow-flow vascular malformations and to determine who should be referred for a baseline cardiac study to exclude the presence of PAH. Unit specialized in pulmonary hypertension Figure 5 . Management schema of patients with extensive slow-flow vascular malformations. If the pulmonary artery systolic pressure (PASP) is less than 50 mm Hg, no other decisions must be taken and patients should be reevaluated by echocardiogram every 2 to 3 years. If the PASP level is equal to or higher than 50 mm Hg, an assessment should be made by a cardiologist or pneumonologist. In the case of asymptomatic patients, close monitoring (an echocardiogram every 8-12 months) may prove sufficient. If patients complain of symptoms such as dyspnea, asthenia, or edema, they should undergo catheterization of the right side of the heart (RSH) to confirm the diagnosis. Those patients whose mean pulmonary artery pressure (mPAP) (as measured by catheterization of the RSH) is more than 25 mm Hg must be referred to a unit specializing in pulmonary hypertension.
